Objectives: We aimed to study laryngeal stenosis among hospitalized children in the United States from [2003][2004][2005][2006][2007][2008][2009][2010][2011][2012]. We hypothesized that the prevalence of laryngeal stenosis differs by race even when controlling for age, gender, and commonly associated disease conditions.
INTRODUCTION
Laryngeal or subglottic stenosis (Ninth Revision, International Classification of Diseases, ICD-9 code 478.74) refers to congenital or acquired narrowing of the larynx. 1 The data concerning the incidence of laryngeal stenosis in children is limited. Few studies, of which most report the incidence in neonates, show the prevalence to be 1% to 8%. 2, 3 In addition, association between endotracheal intubation and development of laryngeal stenosis has been previously described with more severe injuries resulting from multiple reintubations increasing the likelihood of laryngeal stenosis. 4 Conditions that are associated with prolonged or repeated intubations in children include diseases or conditions that result in respiratory failure such as bronchopulmonary dysplasia, sepsis, and acute respiratory distress syndrome. Each of these conditions appears to be influenced by demographic factors such as race, age, and gender. For example, Black children are more likely to be born prematurely, 5 and are therefore at higher risk of endotracheal intubation. The intrinsic risk associated with race when controlling for other factors such as prematurity and endotracheal intubation is currently unknown.
We report the results of a cross-sectional survey of hospitalized children with laryngeal stenosis. Our primary aim was to study the prevalence of laryngeal stenosis in hospitalized children in the United States from 2003-2012. We hypothesized that there is a systematic influence of race on the prevalence of laryngeal stenosis among hospitalized patients even when controlling for age, gender, and commonly associated conditions.
MATERIALS AND METHODS
The University of Texas Southwestern Institutional Review Board approved the current study in the exempt status. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
From Database (KID) for patients with the ICD-9 code for laryngeal stenosis (478.74). We queried a random sample of nonlaryngeal stenosis patients from these databases in a 2:1 fashion with two discharge records of children without laryngeal stenosis were designated as control for every discharge record associated with a diagnosis of laryngeal stenosis. The KID uses a complex survey design to produce national estimates of discharges. A complex survey uses statistical weighting of observations to produce estimated counts. Statistical calculations including means, proportions, regression analysis were performed on the estimated counts.
Continuous data is presented as means, standard errors, and 95% confidence intervals. Categorical data is presented as percentages, standard errors, and 95% confidence intervals. The odds of laryngeal stenosis as a function of race were estimated using regression analysis. The multiple regression models controlled for age, gender, and commonly associated conditions. Since the effects of age can change over time, we tested our model for two different functions-quadratic and cubic. The regression models used the observation-weighted grand mean as the baseline estimation (regression coefficients). Pairwise comparisons of each racial group against each other (eg, Black vs. White, White vs. Asian, Hispanic vs. Black, etc.) were also performed. The pairwise comparisons were adjusted using the Bonferroni's method for multiple comparisons and observations were analyzed as unbalanced for racial groups.
We added the following diagnoses (utilizing ICD9 codes and HCUP's Clinical Classification Software, see Appendix for codes) to our logistic models to test for confounding factors impacting a principal diagnosis of laryngeal stenosis: (i) newborn status, (ii) intubation and mechanical ventilation, (iii) short gestation or low birth weight, (iv) birth trauma, (v) croup, and (vi) tracheostomy. We subsequently used logistic regression analysis to determine the effect of race on interventions performed for laryngeal stenosis. The interventions we examined were tracheostomy, laryngeal repair, tracheal repair, and bone graft harvest.
Since ICD-9 coding contains overlapping of diagnoses and procedures as well as the large number of observations present in the KID, statistical significance was set at P .01. All statistics were performed with Stata statistical software (Release 14, StataCorp LP, College Station, Texas, U.S.A.).
RESULTS
A total of 13,910 estimated discharges of patients with laryngeal stenosis (95% CI 13,715-14,105) were identified within the study period. These included 2,099 in 2003, 3,535 in 2006, 3,992 in 2009, and 4,282 discharges in 2012. The incidence was therefore estimated to be 55 cases of laryngeal stenosis per 100,000 discharges, or 0.22% of all pediatric discharges. The average age was 3.0 (95% CI 2.9-3.1) years and 75% were less than or equal to 3 years of age. A strong male predominance (59%) that was observed and was consistent throughout childhood and adolescence. The racial breakdown was as follows: White (44%), Black (29%), Hispanic (19%), Asian (2.2%), Native American (0.62%), and Other (6.4%).
The average length of stay was 14 days (95% CI 13.5-14.8). The primary payer percentages were the following: Medicaid (56%), private insurance (35%), and self-pay (6.3%). The mean total charges were $106 393 (95% CI $101,436-111,349). The majority of patients (77%) were discharged and 0.71% died during their hospitalization (See Table I ).
Several other results from analysis of the survey are worth mentioning: 36% of the patients had a tracheostomy or a tracheostomy placed during their stay; 21% had a laryngeal or tracheal repair surgery performed; and 23% of patients who underwent repair had a medical or surgical complication diagnosis during their admission. Patients who underwent laryngeal or tracheal repair were about 1.7 times more likely to have a complication than those who did not (15% vs. 23%, P <.001).
The primary analysis of race showed significant differences in the likelihood of laryngeal stenosis. After controlling for age and gender, Black children had the highest likelihood of laryngeal stenosis with OR of 1.9 (95% CI 1.8-2.0). Children classified as Other were more likely to have stenosis at the P .05 level but not the .01 level (OR 5 1.2, 95% CI 1.0-1.3, P 5.03). White (OR 5 0.89, 95% CI 0.83-0.89, P <.001), Hispanic (OR 5 0.86, 95% CI 0.80-0.92, P <.001), and Asians (OR 5 0.53, 95% CI 0.43-0.64, P <.001) were all less likely to be diagnosed with laryngeal stenosis while Native Americans (OR 5 0.96, 95% CI 0.63-1.45, P 5.51) were equally likely (See Tables II and III) .
Pairwise comparisons shown in Figure 1 demonstrate that if the error bars cross the number zero, there is equal risk of stenosis when comparing each racial group. Specifically, Black children are more likely to be diagnosed with laryngeal stenosis than every other ethnic group. Hispanic and White children appear to have equal likelihood while Asian children have the lowest risk of laryngeal stenosis.
When adding conditions commonly associated with laryngeal stenosis to the logistic regression model, Black children still have elevated risk when the following are present: (i) tracheostomy (OR 5 1.9, 95% CI (1.7-2.0)), (ii) short gestation (OR 5 1.9, 95% CI (1.8-2.0)), (iii) endotracheal intubation and mechanical ventilation (OR 5 1.8, 95% CI (1.7-1.9)), (iv) croup (OR 5 1.9, (1.8-2.0)), (v) birth trauma (OR 5 1.9, 95% CI (1.8-2.0)), and (vi) newborn status (OR 5 1.6, 95% CI (1.5-1.7)). White, Hispanic, and Asian children continue to have lower risk of laryngeal stenosis when compared to Black children when these conditions were present.
The different racial groups appeared to have no differences in the length of stay, total charges, or complications. Additionally, the likelihood of interventions that include tracheostomy, laryngeal repair, tracheal repair, or rib graft harvest were also similar (See Table IV ).
DISCUSSION
The current study identifies significant racial disparities among hospitalized children diagnosed with laryngeal stenosis. Black children are approximately twice as likely to present with laryngeal stenosis compared to the average rate of laryngeal stenosis and therefore are more likely to be diagnosed with stenosis when compared to White, Hispanic, or Asian children. White and Hispanic children have roughly equal rates of laryngeal stenosis while Asian children have lowest rates overall. These differences persist even when controlling for conditions that are commonly associated with laryngeal stenosis, including age, gender, intubation and mechanical ventilation, croup, and the presence of a tracheostomy. While the KID cannot account for previous hospitalization, our results suggest that regardless of associated conditions, Black children are more likely to have laryngeal stenosis.
Laryngeal stenosis is most commonly caused by injury to the larynx and subglottic trachea secondary to intubation although congenital stenosis is well known to occur. 6 Premature children who require prolonged intubation for mechanical ventilation are at particular risk for the development of stenosis. 7 Considering the known risk factors for laryngeal stenosis, prematurity and endotracheal intubation, the finding of Black children having elevated risk of hospitalization with stenosis is not surprising since they have increased risk for both. 5 That said, the increase in risk persists even when controlling for these conditions. This Figure 1 for illustration of main effects). † Female is the reference value for gender. ‡ White is the reference value for racial categories. *Adjusted by age and gender and then compared to the grand weighted mean of all racial groups. OR calculated using the logistic regression model presented in Table II. data therefore suggests that congenital stenosis and/or development of acquired stenosis is more common among Black children in addition to the risk of prematurity as well as prolonged intubation.
Since most instances of stenosis are due to injuries to laryngeal mucosa from intubation, 4 the elevated risk of intubations combined with propensity towards hypertrophic scarring among Black children could explain this apparent disparity. Thus, a Black child is more likely to be premature or be intubated and have a hypertrophic response to laryngeal injury and therefore have increased incidence of laryngeal stenosis.
In addition to the most probable cause of these elevated rates, other potential relationships also need to be considered. For instance, Black children may also have higher rates of congenital stenosis or even that the notion of congenital stenosis is a misnomer in this population. Additionally, standard endotracheal size formulas for the pediatric airway are primarily adjusted by age and not with other characteristics such as gender or weight. Therefore, the "normal" airway size for a Black child could be different when compared to White, Hispanic, or Asian children of the same age and gender? The literature in this domain appears to be scant.
This study has some limitations. The KID only examines hospitalized patients. Potential cohorts of children with laryngeal stenosis may not be adequately captured by the KID and that group of patients may not show racial disparities. The KID also uses discharge abstracts from hospitals used for reimbursement purposes and not research. Therefore, the coding used to justify services may contain inaccuracies or overlap. The KID also does not account for repeat hospitalizations. Black children may be readmitted more often and therefore duplicate observations of hospitalized children may result in a skew. While these observations should affect all patients equally regardless of race, this factor must be considered in any interpretation.
Our findings demonstrate that Black children are disproportionately hospitalized with laryngeal stenosis.
The increased incidence does not appear to affect outcome like length of stay, complication, or reconstructive surgeries but only the presence of the condition. Future studies should focus on confirming these findings as well as exploring the potential efforts to mitigate this risk if proven true.
CONCLUSIONS
Laryngeal stenosis is more common among hospitalized Black children, while other racial groups appear to have lower risk. This elevated risk remained when controlling for age, gender, and commonly associated conditions with laryngeal stenosis. 
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